Autoimmune pancreatitis is highly responsive to steroid therapy, but because it mimics pancreatic cancer, it often precipitates unnecessary surgery. Adequate diagnostic tests are needed to permit appropriate medical therapy. Lymphocytic and obliterative phlebitis are reported in the majority of cases, as are elevated IgG4-positive plasma cells, indicating their high sensitivity. Their specificities, especially when used in conjunction, however, remain largely unknown. Movat pentachrome vascular and IgG4 immunohistochemical stains were performed on a total of 15 autoimmune pancreatitis cases (11 pancreatic resections and 4 biopsies), 39 usualtype alcoholic or idiopathic chronic pancreatitis cases, 35 pancreatic ductal adenocarcinoma-associated chronic pancreatitis cases, and 29 normal pancreata. Marked and diffuse lymphocytic and obliterative venulitis were detected in all 15 cases of autoimmune pancreatitis on Movat staining (100% sensitivity). Only a single carcinoma-associated chronic pancreatitis case among all of the controls showed diffuse benign venulitis that was nonobliterative (99% specificity). Nine of 13, 9 autoimmune pancreatitis cases showed marked IgG4 immunopositivity at X10 positive plasma cells per Â 400 field (69% sensitivity). No increased IgG4 plasma cells were found in any of 103 controls (100% specificity). In combination, all of the autoimmune pancreatitis cases had at least one (13/13) and most had both markers (9/13), whereas none of the controls had both markers. Overall, these combined stains show very promising diagnostic utility and should be considered in combination with clinical and serologic analyses in the evaluation of chronic pancreatitis suspicious for malignancy. Future validating studies on preoperative biopsies with outcome data following steroid therapy will be essential.
Autoimmune pancreatitis is a recently established entity. Its most frequently recognized presentation is that of a pancreatic head mass closely simulating malignancy and often leading to unnecessary Whipple resection for benign and medically treatable disease.
1,2 Surgical series from Johns Hopkins report that autoimmune pancreatitis represents 21-34% of false positive cases of Whipple resections for presumed malignancy. 3, 4 Steroid therapy has been shown to be highly and rapidly effective in the majority of cases, leading to resolution within weeks of pancreatic mass lesions, pancreatic and biliary obstruction, and symptoms of pain and pancreatic insufficiency. [5] [6] [7] [8] [9] Until recently, preoperative diagnosis and medical therapy were not available options, but emerging clinical and pathologic assays are changing this situation. The obvious therapeutic advantage of accurate diagnosis is critical and indicates the need for highly sensitive and specific markers.
Dense lymphoplasmacytic infiltrates and fibrosis of the pancreatic parenchyma and pancreatic duct damage are generally accepted as characteristic findings of autoimmune pancreatitis. These individual histologic findings, however, are commonly observed in other forms of chronic pancreatitis, rendering the diagnosis of autoimmune pancreatitis, especially by biopsy, challenging. Venous pathology, including lymphocytic phlebitis and obliterative phlebitis, is another pathologic aspect reported in the majority of cases of autoimmune pancreatitis; 1, 10 however, the specificity of these vascular changes for autoimmune pancreatitis remains unknown to our knowledge. Because the smooth muscle layers of veins in obliterative phlebitis are destroyed, obliterative phlebitis usually blends into the background diffuse inflammatory pancreatitis when viewed on hematoxylin and eosin (H&E) staining alone. Movat pentachrome staining markedly enhances vessel wall structure, particularly the elastin and smooth muscle components, and thereby greatly enhances the detection of easily overlooked vascular pathology. Examination of pancreatic parenchyma for paired veins in relation to each pancreatic artery, on both Movat and H&E stains, is another approach that has not been well addressed in the literature but also markedly enhances detection of venous pathology.
Recent studies have also found that autoimmune pancreatitis is often associated with increased IgG4 serum levels and increased IgG4-positive plasma cells by immunohistochemistry within the inflamed pancreatic tissue. 11, 12 This marker appears to be a sensitive diagnostic aid and as Zhang et al 13 have shown, can be used to differentiate autoimmune pancreatitis from other common pancreatic pathologies. Its use, however, in combination with or in comparison to Movat staining is essentially unknown.
We aimed to explore the utility of both IgG4 and Movat staining in the diagnosis of autoimmune pancreatitis and in particular, to examine the specificities of these assays against the common pancreatic disorders in the differential. The pertinent controls for specificity testing of any histologic marker of chronic inflammatory pancreatic disease include pancreatic ductal adenocarcinoma and its associated chronic pancreatitis, benign usual-type chronic pancreatitis of either alcoholic or idiopathic etiologies, and normal pancreas. Study of these three control groups relative to documented cases of autoimmune pancreatitis forms the basis of this report.
Materials and methods
The Cleveland Clinic Internal Review Board approved this research. The pathology archives were searched between the years of 1985 and 2005 for pancreatic resections or core biopsies with a final diagnosis of chronic pancreatitis of any type. All cases were reviewed by at least three of the study pathologists. The inclusion criteria for a diagnosis of autoimmune pancreatitis were (1) marked parenchymal fibroinflammatory destruction, (2) periductal lymphoplasmacytic or histiocytic infiltration, and (3) lack of other clinical causes of chronic pancreatitis, particularly absence of alcoholism. Criteria for usual-type chronic pancreatitis included a known clinical diagnosis of alcoholism, along with fibroinflammatory destruction of the pancreatic parenchyma and absence of a family history of pancreatic disease or pancreatic cancer. Such cases without a history of alcoholism were classified as idiopathic cases of usual-type chronic pancreatitis. Normal pancreatic control tissues were derived from patients undergoing resection for benign pancreatic pathology, pancreatic islet cell tumors, or resection of adjacent organs for nonpancreatic malignancies. Clinical data were obtained from each patient's medical record.
Movat Staining
For Movat staining of venous lesions, whole tissue sections from a total of 15 cases of autoimmune pancreatitis (11 resections, 4 needle biopsies) and 76 controls (all resections) were available. The control cases included 25 usual-type alcoholic or idiopathic chronic pancreatitis, 31 pancreatic ductal adenocarcinoma-associated chronic pancreatitis cases, and 20 normal pancreata. All materials were routinely fixed in either formalin or Hollandes, processed, embedded in paraffin, and sectioned at 5 and 4 mm thicknesses for H&E versus Movat pentachrome staining, respectively, as previously described. 14 Lymphocytic and/or obliterative venulitis was defined as venous infiltration by lymphocytes with elastin fiber destruction and incorporation of connective tissue fibers and ground substance into the vein wall with or without obliteration of the lumen. The extent of venous pathology was evaluated semiquantitatively as being absent, patchy (if sections contained venous pathology confined to one or a few discrete veins), or diffuse involvement (if sections contained venulitis involving virtually all veins). All pancreatic parenchymal arteries were specifically identified to examine their respective matched veins on each whole tissue section.
IgG4 Immunohistochemistry
IgG4 immunostaining utilized whole sections of 13 cases of autoimmune pancreatitis, 11 cases of usualtype chronic pancreatitis, and 10 ductal adenocarcinoma-associated chronic pancreatitis cases. Of the 13 autoimmune pancreatitis cases, 3 were needle biopsies, whereas 10 were resections. All of the 11 usual-type and 10 ductal adenocarcinoma-associated chronic pancreatitis cases were resections. Two pancreatic tissue microarrays containing additional cases of 28 usual-type chronic pancreatitis, 25 ductal adenocarcinoma-associated chronic pancreatitis, and 29 normal pancreata were also analyzed. All tissues were routinely fixed in either formalin or Hollandes, processed, embedded in paraffin, and sectioned at 5 mm. The microarrays were constructed from 1 mm diameter cores of histologically verified target tissues that were punched and reembedded in triplicate using a standard microarray instrument (Beecher Instruments, Silver Spring, MD, USA). Primary mouse antihuman monoclonal antibody for IgG4 (clone HP6025; Invitrogen, Carlsbad, CA, USA) at a 1:500 dilution was applied to deparaffi-nized and rehydrated tissue sections for 60 min at 371C followed by a diaminobenzidine basic detection kit (Ventana Medical Systems, Tucson, AZ, USA) and hematoxylin counterstaining on a Benchmark XT automated immunohistochemical stainer (Ventana Medical Systems).
Positive IgG4 plasma cells were scored semiquantitatively based upon the number of positive cells per Â 400 high power field (Olympus B42 F/X microscope with a Â 400 field area of 0.189 mm 2 ; Olympus, Tokyo, Japan), as follows: 0 ¼ no staining, 1 þ ¼ o10 positive cells, 2 þ ¼ 10-30 positive cells, and 3 þ ¼ 430 positive cells. All available microscopic fields were systematically scored on each tissue section to determine the distribution of staining as either absent, patchy (positive cells found in o90% of total microscopic fields), or diffuse (positive cells found in X90% of total microscopic fields).
Results

Clinical Features
The autoimmune pancreatitis patients were comprised of seven women and eight men. The mean age was 56.5 years (range 24-78 years). Abdominal pain, weight loss, and jaundice were the predominant presenting symptoms. None of the patients had a history of alcohol abuse, family history of pancreatitis, or other predisposing factors for chronic pancreatitis. Computed tomography scans were available in twelve patients, revealing a solid mass in eight, diffuse pancreatic enlargement in three, and no radiologic alterations in one case. On endoscopic retrograde pancreatography performed in eleven cases, the main pancreatic duct was dilated in six cases, narrowed in four cases, and normal in one case. The preoperative diagnosis was pancreatic carcinoma in twelve cases, chronic pancreatitis in two cases, and chronic pancreatitis versus pancreatic carcinoma in one case. Whipple resections were performed in six patients and distal pancreatectomies in five. Four patients underwent needle biopsy alone and avoided surgery.
The chronic pancreatitis and normal pancreata controls were comprised equal numbers of men and women with a mean age of 60 years (range 36-82 years). In the chronic pancreatitis cases, abdominal pain, and weight loss were again the predominant presenting symptoms. Imaging studies in 85% of the patients showed a mass or cystic lesion in the pancreas. Surgical treatment consisted of Whipple resection in 65% of cases and distal pancreatectomy in the remaining 35%. The normal pancreata sections were derived from pancreatic resections for islet cell tumors (52%), benign cystic lesions (14%), benign pancreatic ductal stricture (3%), and in conjunction with resections of malignancies in other organs (31%).
Movat Staining
Marked lymphocytic venulitis with elastin fiber destruction and incorporation of connective tissue fibers and ground substance into the vein wall was detected in all 15 cases of autoimmune pancreatitis (Figure 1a and b; Table 1 ). Moreover, the venous pathology was diffuse in distribution in all of the autoimmune pancreatitis cases, involving virtually all of the veins and was easily detected in both pancreatic needle biopsies (n ¼ 4) and resection specimens (n ¼ 11). Five cases further showed obliterative venous changes. In contrast, none of the usual-type chronic pancreatitis cases and only a single ductal adenocarcinoma-associated chronic pancreatitis case showed diffuse venous inflammatory involvement. This single cancer-related case also lacked venous invasion by pancreatic ductal adenocarcinoma. Venulitis in conjunction with venous invasion by pancreatic ductal adenocarcinoma was excluded from this analysis, as it does not pose a diagnostic dilemma in the differential of pancreatic cancer versus possible autoimmune pancreatitis. Of 76, 65 controls had no detectable venous pathology (Figure 1c and d) , whereas patchy venous changes were observed in the remaining five usual-type and five ductal adenocarcinoma-associated chronic pancreatitis cases (Figure 1e and f) . Diffuse, marked lymphocytic venulitis/obliteration by Movat staining was found to be 100% sensitive and 99% specific for autoimmune pancreatitis. Comparatively, Movat staining was still 86% specific when allowing for any degree of venous pathology.
IgG4 Immunostaining
The IgG4 immunostain demonstrated uniformly intense staining of plasma cell cytoplasm and showed virtually no artifactual background staining of other cell types. As seen in Table 1 , the IgG4 immunostain is highly specific (100%), staining none of the pertinent controls of ductal adenocarcinoma-associated or usual-type chronic pancreatitis or normal pancreatic tissue. Its sensitivity in our hands, however, was somewhat less than reported in literature series. 
Combined Testing
The combined results on a per case basis for both venulitis on Movat staining and IgG4 immunohistochemical staining of plasma cells are shown in Table 2 .
Discussion
Autoimmune. pancreatitis is a benign fibroinflammatory variant of chronic pancreatitis that typically presents with pain, weight loss, obstructive jaundice, and a diffuse or localized pancreatic mass mimicking cancer. It often leads to unnecessary surgical resection, [1] [2] [3] [4] which is particularly tragic given that this entity is now known to be rapidly and effectively treated by corticosteroid therapy.
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Accordingly, preoperative biopsy diagnosis and medical treatment are highly sought after clinical goals. This study sheds further light on the issue by demonstrating the utility of two histologic features in combination, namely venous pathology as detected by Movat staining, in conjunction with increased pancreatic tissue IgG4-positive plasma cells by immunohistochemistry. Although the high sensitivity for both tests has been established in the literature, their near perfect specificity, particularly in combination, remained largely unknown before this study. Some authors contend that neither preoperative biopsy nor intraoperative frozen sections are indicated for pancreatic lesions suspicious for cancer, as surgical resection will be required regardless of the findings. [15] [16] [17] This approach conflicts with evolving knowledge that pancreatic cancer is rarely curable by surgery, 18 and has been based upon the following: (1) advances in imaging have improved radiologic pancreatic cancer diagnosis, (2) pancreaticoduodenectomy (Whipple resection) can have low mortality in high volume centers, (3) decisions to operate are more often dictated by clinical findings than histopathology, (4) unsampled cancer can never be excluded by focal biopsies, and (5) good medical therapy was previously lacking for benign masses/ obstruction. [19] [20] [21] This approach must now be reevaluated in light of autoimmune pancreatitis and its mimicry of cancer, its increasingly specific diagnostic tests, and its dramatic response to steroid therapy. As the most common cause of unnecessary Whipple resection for benign disease, 3 accurate preoperative diagnosis of autoimmune pancreatitis is important.
An accepted histologic feature of autoimmune pancreatitis is lymphocytic venulitis, as included in the Mayo Clinic diagnostic criteria, 22 whereby lymphocytes surround and infiltrate the walls of medium to large-sized pancreatic veins and may lead to occlusive obliteration or destruction of the vessels (Figure 1a and b) . Movat staining amplifies the detection of venulitis and obliterative change in autoimmune pancreatitis many fold over H&E staining alone. Identification of the pancreatic arteries, which are noticeably unaffected in autoimmune pancreatitis but characteristically paired with veins, further improves the detection of inconspicuous and damaged veins in this disease.
Specificity data for venulitis in autoimmune pancreatitis are not well established. The striking intensity and diffuseness of the venulitis in autoimmune pancreatitis led us to speculate that this histologic feature may be more specific, as our reported data now confirm. The pertinent specificity control groups, including usual-type chronic pancreatitis of either alcoholic or idiopathic causes (n ¼ 25), pancreatic ductal adenocarcinoma (n ¼ 31), Of note, patchy and mild venulitis was observed in 16% (5 of 31) of chronic pancreatitis cases associated with pancreatic cancer and 20% (5 of 25) of usual-type chronic pancreatitis cases of alcoholic or idiopathic types in our study. From these data, the finding of any degree of venulitis is somewhat less specific at 86% relative to diffuse and/or obliterative venulitis at 99% specificity. However, when no venous change is found on Movat staining, it appears to be highly unlikely that the patient has autoimmune pancreatitis (the negative predictive value in our study population is 65 of 65 cases or 100%; Table 1 ).
On H&E staining alone, venulitis can be very difficult to appreciate, such as at the time of frozen section when additional vascular stains are not available. Its identification, however, even on H&E alone, can be greatly enhanced by first identifying the pancreatic arteries and then looking for the characteristically paired veins. The arteries are far easier to find on screening H&E microscopy, based upon their thicker muscular walls, more prominent elastica, and more open lumens. Once the arteries are identified, it becomes far more obvious whether the accompanying vein is damaged or not visible at all.
Immunohistochemical staining for IgG4 has also shown promise in the workup of preoperative pancreatic masses without histologic evidence of tumor on biopsy. IgG4 comprises approximately 4% of the total circulating serum IgG in normal adults, but has been reported to be elevated in autoimmune pancreatitis in 62-94% of patients. [23] [24] [25] [26] [27] [28] Increasingly, studies have also found elevated numbers of IgG4-positive plasma cells by tissue immunohistochemistry in autoimmune pancreatitis. Most recently, Deheragoda et al 11 demonstrated an 85% sensitivity in autoimmune pancreatitis patients for 410 IgG4-positive plasma cells per high power field in both pancreatic and extrapancreatic tissues in comparison to 0.6% of specimens from controls of normal pancreata (n ¼ 10) and pancreatic ductal adenocarcinomas (n ¼ 20). Increased tissue IgG4-positive plasma cells were found irrespective of the patients' serum IgG4 levels, indicating the particular usefulness of the stain in autoimmune pancreatitis patients with normal serum IgG4 levels. Klö ppel and colleagues found that in periductal areas 420 IgG4-positive plasma cells per high power field using a Â 40 lens had high specificity (100%), but only moderate sensitivity (43%) in their series of 51 autoimmune pancreatitis resections in comparison to nonautoimmune chronic pancreatitis cases (n ¼ 19 controls). 29 Our findings corroborate the high specificity (100%) of IgG4 staining in 103 additional controls. Its sensitivity, however, was similarly less in our study, with only 69% of the clinicopathologically verified autoimmune pancreatitis cases having increased IgG4-positive plasma cells (410 plasma cells per Â 400 field). Part of the sensitivity discrepancy may relate to the fact that three (23%) of our autoimmune pancreatitis cases had only needle core biopsies and therefore less tissue for examination. The amount of tissue examined is pertinent to the analysis of focal or patchy findings because of the potential for sampling error. Most of our positive autoimmune pancreatitis cases showed diffuse plasma cell staining (n ¼ 5, all 3 þ ), but some of the positive cases were patchy (n ¼ 4, all 2 þ cases). Thus, although a positive IgG4 result appears to be highly informative, a negative result is not based on its imperfect sensitivity.
A current area of interest in autoimmune pancreatitis not surprisingly relates to preoperative needle core biopsies to preempt surgery and permit a trial of steroid therapy. The diagnosis of autoimmune pancreatitis by needle biopsy is challenging due both to the patchiness of IgG4-positive plasma cells and the limited nature of biopsy sampling. As expected, the literature provides mixed results on the utility of biopsy diagnosis. Unfortunately, the imperfect sensitivity of IgG4 staining for autoimmune pancreatitis further highlights the problem of relying too heavily on this one feature in making the diagnosis. Bang et al 30 also found abundant IgG4-positive cells in the pancreas in two of eight patients with chronic alcoholic pancreatitis and one of ten patients with pancreatic cancer, raising concern about specificity, in contrast to our and others 11, 29 much higher specificity data. Inflammatory myofibroblastic tumors and sclerosing mesenteritis lesions involving the pancreas have also been shown to be associated with positive IgG4 plasma cells. 31 These confounding factors for IgG4 alone led us to consider a combination of Movat and IgG4 staining in conjunction with morphology in the diagnosis of autoimmune pancreatitis, an approach that we have shown to be helpful. In fact, all of our false negative IgG4 cases in autoimmune pancreatitis, including both resections and biopsies, had the diffuse lymphocytic venulitis permitting the diagnosis despite negative IgG4 results. In turn, the single false positive diffuse venulitis case in a cancer control was negative for IgG4. None of the 103 controls showed dual positivity. These results show that autoimmune pancreatitis is virtually certain in the presence of one of the two markers and definitive in the presence of both. It should be noted, however, that rare cases of coexistent pancreatic ductal adenocarcinoma and autoimmune pancreatitis have been reported. 32 These highlight the need for continued close evaluation of autoimmune pancreatitis patients for undiagnosed cancer and to ensure resolution of their signs and symptoms following steroid therapy. 32 In summary, the diagnosis of autoimmune pancreatitis is challenging and requires complete correlation of all available histologic, serologic, radiographic, and clinical data. In combination, Movat vascular and IgG4 immunohistochemical plasma cell staining are now shown to be an additional helpful histologic approach. Finally, it should again be emphasized that this study was performed almost entirely on pancreatic resection specimens and may not therefore be fully comparable to needle biopsy specimens in preoperative settings. Future outcome studies on preoperative needle biopsies combined with therapeutic steroid trials will be essential confirmatory steps in assessing the diagnostic utility of these tests.
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